To satisfy the requirements of the motorcycle rider training and motorcycle dynamic research, a kind of motorcycle driving simulator based on BikeSim is presented in this paper. In order to simulate the vehicle dynamic of the motorcycle, a motorcycle dynamic model is constructed. The rider's body gesture is tracked by a camera for simulating the influence of the rider's body posture on the motorcycle. For the purpose of enhancing the sense of reality, a 7 degree-of-freedom motion platform is used. In order to simulate the traffic environment of the city, the virtual scene is built using the OpenSceneGraph and the urban traffic flow is generated. Practice shows that this simulator can simulate the motorcycle dynamics realistically and achieve the purpose of teaching and training.
Introduction
Motorcycle driving simulator is widely applied to many different fields, such as vehicle characteristics research, driver training and road safety improvement. In the past, several motorcycle simulators were built. The first prototype was developed by Honda in 1988 and consists of a platform with five degree-of-freedom [1] . Dutch company Curden built B306-HMD motorcycle simulator in 2017. This simulator incorporates a 6-DOF motion system in hexapod configuration, depth-map sensors for rider body tracking, an extra stiff steering actuator and a head mounted display for visualization [2] . However, compared with cars, designing a motorcycle simulator is more difficult due to their more degree-of-freedom and complex dynamics. There are still some spaces for improvement in the simulator design.
A motorcycle simulator for rider training and road safety education based on BikeSim software is designed in this paper. With an external degree-of-freedom is provided by the movable steel installed on the motion platform to simulate the lean of the motorcycle, a 7 degree-of-freedom motion platform is constructed based on the traditional 6 degree-of-freedom (horizontal, vertical, vertical, pitch, roll and yaw) prototype that simulates the road and the overall changes in the body. The rider's operation is collected by the sampling devices, and the BikeSim software is used for simulating the vehicle dynamics of the motorcycle. A traffic environment simulation system that simulates the city's traffic flow also included in this simulator. OpenSceneGraph is used for rendering virtual urban scenes, and the scenes will be displayed on a 270 degrees curved projector screen.
System Architecture
The hardware of the simulator consists of input devices, motion platform, computers and display devices. The software of the simulator includes vehicle dynamics simulation module, main program, virtual scene system and motion platform control system. The architecture of the system is shown in Fig. 1 . The rider uses the input devices, like handlebar, throttle, etc., to drive the motorcycle. The input handler collects the signal from the input devices and passes the data to the vehicle dynamic simulation module. After each simulation step finished, the traffic environment simulation system uses the vehicle position data update the virtual scene. The output handler transmits the vehicle motion data and the virtual scene data to the motion platform control system and the virtual scene system by TCP communication. The motion platform control system converts the data into the control signals to control the motion platform. After the virtual scene system renders the 3D image by OpenSceneGraph, the display system and the motion platform provide the user with an immersive experience. Figure 1 . The architecture of the simulator.
Motorcycles Dynamic Simulation Based on BikeSim

BikeSim Introduction
The BikeSim is developed by Mechanical Simulation based on the AutoSim developed by Professors Robin Sharp, et al at Imperial College, London. BikeSim delivers an accurate and efficient methods for simulating the performance of two-wheeled vehicles. BikeSim is universally used for analyzing motorcycle dynamics, developing active controllers, calculating overall system performance, etc.
[3] The motorcycle dynamic model in this paper is constructed from the steering, suspension, upper body and powertrain.
Steering System
The parameters of the steering system are mainly given by caster angle, steer axis offset, nominal fork length and front wheel axle position. Unlike the car simulator, with the steering angle is used as the input and the output is the steering torque, the motorcycle simulator takes the steering torque as the input and the handlebar angle as the output [4] . In order to apply steering, it is necessary to calculate the target lean angle of the motorcycle body according to the road condition. A proportional/integral/derivative (PID) control on steering torque is applied to achieve the target lean angle, such as Eq. 1:
Where is the proportional gain, is the vehicle speed, , _ and _ 2 are coefficients. The result is multiplied by the lean angle error to produce a contribution to the torque.
Suspension System
In BikeSim, different characteristics of the motorcycle can be achieved by configuring the suspension parameters. In order to simulate the acceleration, deceleration and the response of different road conditions of the vehicle body, the pitch angle of the motion platform can be obtained by calculating the compression difference between the front and rear suspensions following the Eq. 2:
Where is the pitch angle of the vehicle, Δ is the compression difference between the front and rear suspensions, and the is the wheelbase.
Upper Body Tracking
Unlike large-mass vehicles such as automobiles, the ratio of the mass of the rider to the motorcycle is large. Therefore, the rider's body posture has a significant influence on the movement of the motorcycle. Since the vertical displacement of the rider's center of gravity compare to the center of gravity of the vehicle is negligible when the rider's body moves horizontally, the rider's body movement can be simplified to the horizontal movement, as shown in Fig. 2 [5] . Therefore, the torque ⃗⃗ produced by the rider's upper body can be obtained by Eq. 3, such as:
is the displacement in the horizontal direction and is the gravity moment of the rider.
While using the simulator, the rider will wear the clothing with a marker. The camera will track the marker's position and calculate the displacement of the marker. The result of the camera detection is shown in the Fig. 3 . 
Powertrain System
The engine can be characterized by a function of throttle position, rotational speed, and external control torque. These properties are defined in a nonlinear table that relates torque to engine speed for different throttle settings, such as: = ( , ) + (4) Where the is the engine output torque, is the throttle position, is the engine rotational speed, is the external control torque. The model of the BMW RT1200 engine is constructed as shown in the Fig. 4 . 
Real-Time Simulation Program
The simulation is mainly divided into three parts: initialization, running and termination. During the initialization, the program allocates memory and reads the configuration file to set the initial state of the model. Then, the main program will input the rider's operation information into the model at the beginning of each simulation step of the running stage. After each simulation step complete, the program will output the result. Since the program runs much faster than the main program, the data will not be directly sent to the main program but will be written to the buffer, waiting for the main program access. Fig. 6 shows the constructed motorcycle driving simulator. When the simulator works, the frame rate is stable at 60fps. The hardware is working at 100Hz, which can smoothly respond to the user's operation and the change of vehicle motion. The simulator has achieved a highly immersive driving environment. 
Performance and Results
Conclusion
The motorcycle driving simulator designed in this paper can accurately simulate the characteristics of motorcycle riding. The motion platform can provide the motion feedback closely to real somatic sensation. The vision system can smoothly display the virtual scene in real time to create an immersive atmosphere. The traffic environment simulation system can realistically simulate the road conditions of the urban traffic. In summary, the motorcycle driving simulator has met the design requirements for rider training or vehicle test.
